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Dynamic responses of aboveground biomass and soil organic matter content to grassland res-
toration
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Abstract

Aims Based on a long-term observation experiment set up in 1983, which was designed to test how different
restoration measures would affect the aboveground biomass and soil organic matter content in a degraded Leymus
chinensis steppe in Nei Mongol, under the enclosure protection from interference. Our restoration measures in-
cluded shallow plowing, harrowing and natural restoration.

Methods This experiment used the quadrat method (five replicates) to survey the aboveground biomass and the
potassium dichromate oxidation volumetric method to analyze soil organic matter content.

Important findings Results showed that the changes of aboveground biomass in the early period (1983-1991)
were significantly higher under shallow plowing treatment than under natura restoration, while those under the
harrowing treatment were not significantly different from those under the rest two treatments. In the middle period
(1991-2006), there the three treatments had no significant different changes of aboveground biomass. In the late
period (2006-2014), the changes of aboveground biomass were in the order of natural restoration > harrowing >
shallow plowing, while the difference was significant between natural restoration and shallow plowing. The
changes of soil organic matter content in the 0—10 cm soil layer in the early period was significantly different un-
der different treatments and was in the order of shallow plowing > harrowing > natural restoration. Compared to
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the initial value (1983), natural restoration, harrowing, and shalow plowing treatments increased soil organic
matter content by 21%, 45%, and 37% respectively. In middle and late period, natura restoration increased soil
organic matter content significantly more than shallow plowing did, while harrowing treatment result was between
the two treatment results and was not significantly different from natural restoration and shallow plowing. Natural
restoration, harrowing, shallow plowing increased soil organic matter content by 61%, 46%, and 57% respectively
in the middle period and by 67%, 51%, 62% in the later period. The changes of soil organic matter content in the
10-30 cm soil layer in the early period was significantly different under different treatments and was in the order
of shallow plowing > natural restoration > harrowing. In middle and late periods, there was no significant differ-
ence among treatments. In summary, different improvement measures should be chosen according to the objec-
tives of recovery. On a short time scale, shallow plowing is beneficia to the rapid restoration of productivity and
soil organic carbon content in the degraded Leymus chinensis steppe, while the benefit of natural restoration and
harrowing is more obvious on alonger time scale.

Key words degraded Leymus chinensis steppe; improving measures; aboveground biomass; organic matter con-
tent in soil; dynamic change
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Fig. 1 Variations of aboveground biomassin the past 30 years under different treatments.
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Table1l Effect of different restoration treatments on aboveground biomass (mean + SE)

AFE Treatment A4 Aboveground biomass (g-m?)
#11] Middle period (2002-2006)

R Early period (1987-1991) J5 U Latter period (2010-2014)

E 98Pk Natural restoration 134.15+ 9.9" 180.82 + 17%® 281.75 + 36.7%
WHHE Shallow plough 165.85 + 9.3 185.57 + 15.1% 192.98 + 21.5™
UL Harrow 141.56 + 8.9%C 197.04 + 10.1%® 237.32 + 20.6®*

ANF K B R Al — A EEAN R AR A7 2 (1) (14 75 53 1235 (p < 0.05), ARG - RER IR 6] — B[] B AN [ AL 2 () 14 25 57 2. 3% (p < 0.05).
Different capita letters indicate significant differences among different periods under the same treatment at 0.05 level; different lowercase letters indicate sig-
nificant differences among different treatmentsin the same period at 0.05 level.

FR2 AF R YRS SRS A SR
Table2 Correlation anaysis of biomass and meteorological data under different restoration treatments
V558 FHAIR A SRR YR L5-8H BEKE
Biomass and mean air Biomass and mean Biomass and total
temperature since May to August annual air temperature  precipitation since May to August

MR SELKE
Biomass and total
annual precipitation

AeHE Treatment

H RS R 0.0109 0.056 3 0.089 1 0.1033
Naturdl restoration 08667 04708 0.2072 02423
AR R 0.0038 0.0296 0.1400 0.2080
Shallow plough p 09521 0.6770 0.1407 0.048 3
A Harrow R 0.0179 0.1188 0.0415 0.0817

p 0.7903 0.1931 0.576 4 0.3304
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1 Z A U A B TE1991-20064F 18 i A 4 (p < 0.05),
J& HAA B8 /b, 19914 . 20064 . 20144 1A AL
Jo3 B AR 19835 73 7l I 1 5%, 42%. 37%.
23 TEMREENBHRIRERESN
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ME&@mkﬁﬂO%ﬁMﬁmgk a™h EHHE
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SR AN R R A& S, B B R S b B
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TR A 2 T DU S it . 10-30 emh 3
AN H R ERE (R5), 55— B Bok#ti it
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B I BORE i A B ) P 23 e KT AR S b B
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e

Table3 Soil organic matter content under different restoration treatments (mean + SE)

+JZE Soil depth(cm) E4 Year TR F 34 HUT & & Soil organic matter content under different treatment (mg-kg™)
E4R & Natural restoration MR Shallow plough Aih Harrow
0-10 1991 17.14+0.3%® 21.24+02% 18.37+ 0.5™®
10-30 14.67 + 0.5% 15.60 + 0.2 11.50 + 0.09°®
0-10 2006 30.04+ 0.7 21.42+ 2.4 2712+ 2.8%A
10-30 20.98 + 2.4% 15.96 + 1.8 18.86 + 2.8%
0-10 2014 35.25+5.8% 23.65+ 11" 30.70 + 1.4
10-30 17.69 + 1.3 14.63+ 05 17.40 + 1.0%

ARG FEFRORF — A B R4 2 [ ) 22 5 B 2% (p < 0.05), RFI/NG

3 F RN

— N ] B A [R) A B 2 [] (1) 22 7 &2 % (p < 0.05)

Different capita letters indicate significant differences among different periods under the same treatment at 0.05 level; different lower case letters indicate sig-

nificant differences among different treatments in the same period at 0.05 level.

R4 AR R T 0-10 ek 3B A HLUR fPk S %

Table4 Recovery rate of soil organic matter content (010 cm) under different restoration treatments
TIEEHUR I E % Recovery rate of soil organic matter content (mg-kg™-a™)

AeHE Treatment

1983-19914F 199120064 2006-20144F 2R
During 1983-1991 During 1991-2006 During 2006-2014 Average rate of 32 year
EI 981K Natural restoration 0.69 0.86 0.65 0.76
A Shallow plough 1.20 0.01 0.28 0.39
#UHL Harrow 0.84 0.58 0.45 0.61
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FR5 AR EHE T 10-30 em 3G LT K S 2

Table5 Recovery rate of soil organic matter content (10-30 cm) under different restoration treatments

KhEE Treatment

+HAHURIIPKE H % Recovery rate of soil organic matter content (mg-kg™-a™)

1983-19914F 1991-20064F 2006-20144F 3UF PR

During 1983-1991 During 1991-2006 During 2006-2014 Average rate of 32 year
EI 4R Natural restoration 0.46 0.42 0.41 0.22
HHEEY Shallow plough 0.58 0.02 0.17 0.12
4 Harrow 0.07 0.49 0.18 0.21
AR, 1987-1901F A 50-10 em bl ~ T .
JRE B AR A ER AR AR A AR ], #0 2 By B R > g”'
Futh> F AR KR, 2010-20144F tH 2 HLAH [F] 1) AR Ak w E O o
3, AR AL B R TR BB AL, R 3 oy | .
AT =H 21, (LSRR 8% %57 g5 | s
E =N ] B 10-80 em 35 WLR 2 A8 Ak 55 ; .
SEPRA 8. WK RS, B B
H FAEYE 50-10 em3EA VLT & = B 1 it ) 050 100 150 200 250 300
WA — B, LA BV b AR R A KA At Biomass (gm)
0-10 e G HLR 2 5 S 1 B 25 4] B2 HARKEAIE0-10 cm BN S ESEYEN K R

242 AEXKREETLEBIRS
FAEMEZEWEYISH

TIHEAEYR & &S5 EAEY E 2 AR,
DR R FH [0 VA 23 B, 3k R ) 48 5 F A 220 2 i
PR, BRI 2 T 12, DARAE
THEZIAI SR R (E2-7). X A AE R NRTSER
WIPPERMERE - M B ARE, §—1ME
VI SN EHUR S EEGANEE), HE2FE
3n LA H H AR & 4L FE0-10 cmA110-30 cmt- 34
MUR S ESAEYREENE, 8 BA B
(p < 0.05), XIHLHKO-10 cmTEAHLFE S EREE
A E RGN AE A B b3 i1, 10-30 emt-3EA HL
R b A YR NG n, (B AR
INE|— & RIFLEE (CKZ1200 gm 2 HIEANLR &8 R
LT B

ESEEN

H 4 E5A LLE H, R AL E0-10 cm
HIRSESEENSRER S, —H 6 E%

FHRME(p < 0.05), RILERE LV ERIGM, AL
JRE BRI, EYE510-30 em AL &
BERA TR, ARG REMKMEQP > 0.05), #
YL FFURREE R RN, HEEPUR & B
B, (H AR N B — R (KZ1160 gm?)
BHUREEERD .

6 70T LA Y, fE AL EE/E0-10 cmAll
10-30 cmHIEFHUR S EMM EAEYE R ENS
T B BEM M (p < 0.05), KILHBEEEME
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Fig. 2 The relationship between soil organic matter content
(0-10 cm) and aboveground biomass under natural restoration
treatment.
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Fig. 3 The relationship between soil organic matter content

(10-30 cm) and aboveground biomass under natural restora-
tion treatment.
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Fig. 5 The relationship between soil organic matter content

(10-30 cm) and aboveground biomass under shallow plough
treatment.
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Fig. 6 The relationship between soil organic matter content
(0-10 cm) and aboveground biomass under harrow treatment.
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Fig. 7 The relationship between soil organic matter content
(20-30 cm) and aboveground biomass under harrow treatment.
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VIRETE IS GEA R4S, 2010), 17 R RE e VR A0 -+ 35
RAMBESER DI, AR FAERD A F o R
it 0o} FE A AV AN A LT A = M R e S, 7R
B TR RS PR BEE ARAE A A A X H A LR & &
sz . AR, BORIXERE N 55, A
LR IR EMNRMUZ A BB %
AR LUK, TR0/ X3 [ ) R B2 AR
TR VE AL 2 (8 424055, 2002). AR R
B R A S S BB RS AR IRAE i 2 D T, 0 4
N K IR K A RIFE 0 LLRE ot &, A8
T WSO [ 5 O, B 7 A= W AR SRR 43 R 45, A6
15 B FR A AE I AR 2 A ROBE B IR T & shs AL
T R (%, 2008; XINNANSE, 2010; #/IMK4E,
2010). TEAEBEHER B IR, BHIE S5 M RIS b
AR R BB (FLIESE, 2007; K
FE, 2010; GKIESE, 2011), X — R AL £ 5] #
g 2H OGRS AR AR . KE
Wt 7045 S 3R WA R IR Sl 80 A L33 B 7 ) ik
5, REWREVE PR R R P A R AT AR 41
X5 S EARIUE LR R, X — MR PR
PR B 2 (Matuszewski et al., 2010; 12 Z=1F4%, 2012;
Tk 4 %5, 2012).

AR 5T AR H 1 A A 1 W R S e 3 L e
HUR K R Lok, AR T 3% Al R4 RO A 4% 1)
SfER. BEEEYEE YRS, 3P EEET
TR EA WU S TR T 0 3R A N AR
MBS I (] O HERS, A AN, T
PR35 i 0 Bh ¥4 T S5 SR A 0 T T R O UK L
(Agropyron cristatum). %57 (Sipa capillata). &
(Carex spp.)55 % 4F Az I AR R FEFIAR 25 K 55 (4 TN 48
FE Z PR, 2008), 1% LLFEVE 45 P IR ol 2 5] R i
AR, I LA B R B VR R
BRK, FE 2 FEA N AR R 2R F 8 2
fosain, RS AR RO E KK ES, R
KARIE| IRE RS & R AR F A BE
ENEMHER, 2R LIRRZEIRETERE
AHIE AR AR, AR P 2 A 3 IR b Ak 2 i A I
W (RS, e S RZE HIEEYLUFRA N, 2
AN 54 0 R R R R IR AL B A A R IR
B, BRI, 5-REAPUR S =M
X R IXEEHRARIL T IX— Ao
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312 MY RIEEFERTEIRETMERL I

X TR ECHE, AR E B AR [F A A E
R (2B S, 2016), AT 5T TR (0 3%k
STt PR o R A i, RIASHE 9 B TER AL
ANFRE S R S BIEAPUR & B
XX PR Dy i BRI AR AR, HH I e U
AR T ) SR it o S PR SR S S it A AR A
HAAR T IE, BEEERF O MR RIA ST
IR (B e R 5 B A 7, 2014) AT BV A 0 b 2
HHEM SRS, (HRHE N R, O
BT R, XARIL T AT B S K S N .
AREEHFR W, TKAHHEE(2000) 145 R Bons
S RAKE, FRHIRIM AR S T B AWK
B, RFRERS —8H. HEFEYRSENE
WIN POl R, FRATA Y T ZE sl IR s 7 1
B FIR ARG A LR B, b S T K IR
SL BRI T AN FPUER R . Hef5 (2012) X #
PO T RIEE RS EM AT T, HER
BoRG KRR, TEREHREEAREN T
B, HIUERT LA AR E EIEE, LA SRS
HEL R B ka s, ARG 45 R BoR HIERZEH PR
GEAE R AL TR, 324F J50-10 cmAl110-30 cm
+ 2 LR S EANT 1901 AR A, k]
DA H R0 Ak 38 7 5 1R 28 94 21 i R 3 324 1A [1]
TIEANUR S RAEX R, WA IR T B,
ST RS B ACEE R I ML & & N R A R A
RZZH M T U0, EEERHITR— S
HRELERAREG SRR, FhhRE LA
WU 38— 4k, 55— 5, B0 T 3 0 <R,
A WU o g il B, ASFIFA HLR I
F, FAr gk 5 i R (MR NMESE, 2015), A
I antk, RGPS, HERE LRI S
TR BT N a1 R A, A5 LAY 5T i & R
R BEEIUR PR B F NS, M
M FEAK 7 Bt 38 A BT 5 & (7K Bk R R /N T
1996). MAIRIG T LAE i, dRAFEH AL ER AR XS T Hp 4k
IRIEE LA VU B VA, HR MWK HK
E, AN THE EAMERENERTELA
SRR RN AL 3, IX 5 S 5 55 (2007) 1 45 1 A
— B, F R R PR Pk AR A 2 R R AR
I

KB TR N RIBINRZE I8R5 150
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B 15 B B R (VPSS 2006), X ATE AR
FUHHA AT, A0 A] b 2 N TR (40 10-30 cm
A VUR &R IEH R R, BEY
FEEXTT0-10 emBIEA R & ERERRE, |
FeX10-30 emfE N4 SS, SRR L0k B it
X} AR 2 AR F S g, 6 SRR A IR R .
32 g

(1) R 265 94 (1 &2 AT 30 b b A= 47 2 v B R Ak
HOR TR H AR R AR B, H AR E 5 R
AR —F A B EER(p < 0.05), FHIALFRA T HiAh
A2 B B = H KA REER, ARKE.
RN, A AL FRAH X 19834 b _E A= 2y il 48
T 44%. 54%. 47%; TEXCR 5245 (P E ) & ik
B e Hh F AR A LR JE B35 22 S, A X 19834,
HARVKE . JRHHR . A AbEE 1 A= & 43 3 i
158%. 59%. 65%; 7t R 5324 (k& 5 ) H AR
P A ER M AR K TR R AR A R AR 2, HO A
SRR 5 IR B ) 22 =+ 43 35 (p < 0.05), A
HALEEAFIX A 2 [ H S 8% H B E R,
HARME . FRAHRT. AR AL EEAH X 198345 3 - 2E4)
B3N T 73%. 61%. 68%. [H5RK S AIATHb AL
HEWRERAF T L AR R, kT
TR ST it AT R B R G PR

(2) ERKE A FRH AW AE o B AT AR 1k
AE, ST HZER T B3P < 0.05); &
FHERH AL B A B R 38 0, = ANE TR Bt B AR
FEARVA B AR Ak, Hb AL B T 1) 19914 5
20064 20144F 1) 2 5+ 43 2 % (p < 0.05).

(3) 0-10 ecmt- A LT & B AE 1991 R I ATk
BERI>HI > HARK R, HAbH 2 W27+ B3E P
<0.05), fHX19834F, HIAKE . AR, A HbabHE
Sy RN T 34%. 45%. 37%; 20064 F120144 [ 4R
WA ACEER TR RN VR FE R A0 2, BB R E 5%k
AL T 22 14> S 3 (p < 0.05), HEHALFE A T-iX
PR B 8] B 5 A R 2 R ARG 19834,
20064F F AR MRS « VRAEEN. AHL AL EE A AL &
AP 61%. 46%. 57%, 2014453 4
67%. 51%. 62%. Hif #AVHF R A B 1SR E A AL
J ok RACR B, BEAE S R R A, AR IRE
I Hh b A B AR A

10-30 emt- A HL BT & B AE 19914F AR B A
B> BRI >HEM, HAARBEZE R &P <
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0.05), HAAMKE . VRHERE. A Hb AL 3 AH X 19834 77
SR HN T 25%. 30%. 5%; 20064 F120144F % kb3
) 22 S MR/ 0, 20064F F AR SE 1R BHRT . At b 2
AN 1983443 BN T 48%. 31%. 42%, 20144F4)
IR HN T 38%. 25%. 37%. &)= IFAE T E SR K
SR AL B AR B s, B A O R R IR R 0 32 0k
R AR /N

(4) E RS2 R Hh A PR it 5 1 18] PR 4EF£0-10 em
TIEAIR G R EI—A EAMES, H19914 8
FRT HADPIE(p < 0.05); RAFRIALEE N 2B — 4
S PRI N J5 T2 e %A, 1983-19914F - 345 ML
TEREEK, EIRE R, BRKE L
R HEE AL FE10-30 cm-EIEH LR & & ) L3 A &
FARA ;AU Ab B AE 199120064 1 N B 2 (p <
0.05), Ji BAFEABA .

(5) 0-10 e 338A BT 1 2 3 52 28 — B Byt
FHAL TR Bt KA 1.2 mg-kg™at, JE PN A1 1 SRR
5 B Ki%0.86710.65 mg-kg™-a ™. 10-30 cm -3 A Hl,
JoR PR TR A — i BRI 8 = B B AR A B A K
1£0.5810.41 mg-kg™-a™, &5 KB b b PR ik
%049 mg-kgt-at.
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